Two sites were drilled with the hydraulic piston corer on Leg 68. Site 502, in the western Caribbean, contained radiolarians only in the uppermost (Quaternary) and lowermost (upper Miocene) cores. At Site 503, in the eastern Pacific, radiolarians were common and well preserved throughout the sequence, which terminated in the upper Miocene. The sequence of radiolarian events at Site 503 correlates well with that at Site 495, Leg 67, and the few discrepancies are resolved with an index of reliability. A detailed study of morphological changes during the evolution of Didymocyrtis spp. in the undisturbed sequence from Site 503 shows more departures from a simple rectilinear tendency than had been known from previous, coarser investigations.
INTRODUCTION
The recently developed hydraulic piston corer, with its capability of collecting relatively undisturbed samples, was used at the two sites occupied during this leg of the Deep Sea Drilling Project. At Site 502 in the western Caribbean (11°29.5'N, 79°22.7'W; water depth 3052 m), Quaternary radiolarians occured in the top two cores, but below that no siliceous microfossils were found until the lower upper Miocene was encountered near the bottom of the hole. This stratigraphic distribution of radiolarians is broadly consistent with that previously reported from the Caribbean (Riedel and Sanfilippo, 1973) .
Radiolarians were common and well preserved throughout the sequence at Site 503 (4°03.0'N, 95°38.2'W; water depth 3672 m), which terminated in the upper Miocene. These cores are more useful for detailed radiolarian stratigraphy than those obtained earlier by rotary drilling; their only drawback is a reworked component estimated at about 1-70% that occurs in the top quarter of the column.
PROCEDURES
Two to three samples were taken generally, from each core, acidified to remove carbonate, sieved at 44 µm, and the coarse fraction strewn on slides according to conventional methods.
Relative abundances are recorded in two ways. First, in the middle of ranges and at most morphologic limits, five grades are used to indicate the abundance percentage of a taxon relative to the total assemblage. These percentage ranges are indicated, with their symbols, on Tables 1 and 2. Second, near evolutionary transitions and at morphotypic limits obscured by reworking, we used "constant-numerator" percentage estimates. Once the density of radiolarians is estimated, it is used to estimate the number of radiolarians in a counted number of fields that must be searched to find 10 specimens of a taxon (Riedel and Sanfilippo, 1978b) .
In our investigation of radiolarians in the sequences cored on Leg 67, we applied a newly developed procedure for evaluating the stratigraphic reliability of upper and lower limits of taxa and of evolutionary transitions (Westberg and Riedel, in press ). Since this pro-cedure was also used for the radiolarian events at Site 503, we summarize the basis for calculating the index of reliability. The index (a number up to 100) is obtained by multiplying the following scores and expressing the resulting fraction as a percentage:
1) Abundance of the taxon-1 specimen observed in the sample scores 0.25; 2-5 specimens, 0.50; more than 5 specimens, 1.00.
2) For evolutionary transitions, the average of the relative abundances of ancestor and descendant through an appropriate distance above and below the event-if the average of descendant/ancestor counts above the event and ancestor/descendant counts below the event is <2x, the score is 0.50; 2-5x, 0.75, >5x, 1.00.
3) Type of event-a cryptogenetic origin or extinction scores 0.50; evolutionary extinctions and morphotypic limits bracketing an evolutionary transition, 0.75; an evolutionary transition, 1.00. 4) Ease of distinguishing the taxon from co-occurring fossils-difficult, 0.10; moderately easy, 0.50; very easy, 1.00. 5) Preservation of the assemblage relative to the taxon-very poor, 0.10; some specimens poor or uncertain, 0.50; good, 1,00. This category is also used to downgrade the score of an upper limit above which (or lower limit below which) absence of the taxon is suspected to be due to dilution or dissolution.
6) Constancy of occurrence in the sequences above or below the event (not applied to evolutionary transitions)-interrupted, 0.75; constant, 1.00. 7) Relation of locality to periphery of the area of distribution of the taxon-near periphery, 0.25; unknown, 0.50; well within, 1.00. 8) Effects of reworking-investigator is confident that a range extended beyond his event determination is due to reworking, 0.75; lower scores are assigned in proportion to his uncertainty that the true range can be distinguished from reworking.
Having applied this procedure of evaluating the reliability of some 150 events from 7 sites drilled on Legs 67 and 68, it is appropriate to see whether the values of the indices are clustered in a certain part of the range from 1 to 100 or are more or less evenly spread. An even distribution would indicate that the index is suitably sensitive. Figure 1 shows the frequency of use of values of the reliability index, plotted on an antilog scale (because of the successive multiplications of fractions), for the upper Cenozoic sequences of Legs 67 and 68 and the lower to middle Miocene sections of Leg 67. The former show a satisfactory distribution of values throughout the range, but the indices of reliability for the older sequences in Leg 67 are clustered within the high end of the scale (above 25). The major reason for this concentration of values appears to be the high proportion of evolutionary transitions in early and middle Miocene radiolarian stratigraphy; other factors are the ease of recognition of taxa and the greater abundance, less reworking, and better preservation of the assemblages in the lower parts of the sequences of Leg 67.
Thus the values chosen for the multipliers used in calculating the reliability index have proven satisfactory in this application.
The radiolarian zones used in this chapter for the Pliocene and Miocene are the chronozones defined by Riedel and Sanfilippo (1978a) . The Quaternary zones are those defined by Nigrini (1971) . 
Results from land geology and from DSDP Legs 1, 4, 10, and 15 have shown that radiolarians, and indeed siliceous microfossils in general, are not present in Tertiary sediments younger that about middle Miocene in the Gulf of Mexico and Caribbean (Riedel and Sanfilippo, 1973 , Sanfilippo and Riedel, 1973 , 1976 .
Cores from Site 502 were examined for radiolarians to establish whether this absence is in fact continuous from the middle Miocene on and to shed some light on the reason for their absence. A channel sample of about 5-10 cc total volume was taken throughout the length of each section from Hole 502A, disaggregated, sieved through a mesh of 63 µm, and the coarse fraction acidified to remove the calcareous microfossils.
Siliceous radiolarian skeletons were found only in the top two cores (increasingly corroded downward), in Cores 502A-67 and 502A-68 (less corroded downward), and 502C-28-36. Those in Cores 502A-1 and 502A-2 are Quaternary, and those in 502A-67, 502A-68, and 502C-28-36 are early late Miocene (Didymocyrtis antepenultima Zone). Many samples between these two intervals (notably from Cores 502A-50 and 51 and above) contain very rare fragmentary radiolarians and sponge spicules replaced by an opaque mineral.
The well-preserved radiolarians at the top and bottom of the section represent diverse assemblages characteristic of tropical, open ocean conditions, and as far as can be determined the opaque fragments are the remnants of a normal oceanic assemblage (including orosphaerids, Lamprocyclas, etc.). The evidence suggests that the absence of siliceous microfossils in sediments of this region is continuous from the early late Miocene to the Quaternary and that dissolution within the sediment (rather than the absence of specimens in the waters above) was responsible. Hole 502A reached only the uppermost level of occurrence of Miocene siliceous microfossils, but Hole 502C was cored deeper and might therefore provide an indication as to whether radiolarians occur continuously or intermittently in the sediment column below the lower upper Miocene. Few, moderately well-preserved radiolarians, which correspond to those in Core 502A-68, occur in Cores 502C-28 and 29. Below this, the abundance and state of preservation decline to a minimum in Core 502C-35. Their preservation improves within a pyritized mass in Core 502C-36, but they, remain very rare as a result of dilution with pyroclastic components. The assemblage in this sample still represents the D. antepenultima Zone, but it is possible that the lump was displaced from higher in the hole and that the sediment at this depth is somewhat older. However that may be, the worsening preservation in Cores 5O2C-3O-35 indicates that the transition from radiolarian-rich sediment in the middle Tertiary to lack of radiolarians in upper Tertiary sediment is irregular. It is sufficient to account for the differences in age (ranging from early to early late Miocene) of the youngest radiplarian sediments at the various previous drilling sites, which have been more or less discontinuously cored.
The radiolarian fauna of Cores 502A-62 and 502C-28 to 502C-36 includes the following species (range of estimated percentage abundances relative to the entire as- 
SITE 503
Sediments at Site 503 represent an almost complete undisturbed record from the upper Miocene through the Quaternary. Radiolarians are well preserved and abundant throughout Holes 503A and 5O3B, except for being somewhat corroded and sparse in several cores near the Plio/Pleistocene boundary.
Reworking of Miocene radiolarians into younger sediments is indicated in samples from Cores 503A-1 through 503A-29 and 5O3B-1 through 5O3B-13. The reworking is generally minor but approaches 20% in samples from Cores 503A-4, 7,10, 11, and 5O3B-3, 6, 7; and more than 50% in Cores 5O3A-7, 503A-9, and 5O3B-8.
The top of the Pterocanium prismatium Zone, which is considered to be approximately the Pliocene/Pleistocene boundary, is placed between Samples 503A-7-2, 50-54 cm and 5O3B-7-3, 50-54 cm in both Holes 5O3A and 5O3B. The evolutionary transition from Spongaster berminghami to S. pentas, approximating the Miocene/ Pliocene boundary, occurs between Samples 5O3A-31-3, 50-54 cm and 503 A-34-2, 50-54 cm.
The Pliocene radiolarian zones, P. prismatium and S. pentas, are well represented in both holes. Hole 503A penetrated the upper Miocene Didymocyrtis penultima Zone and reached the top of the D. antepenultima Zone (-7.8 m.y.).
One pair of events-namely, the earliest morphotypic occurrence of P. prismatium and the evolutionary transition from 5. berminghami to S. pentas-occur in the order described by Sanfilippo and Riedel (1975) for DSDP Sites 82 and 84 and represent a minor inconsistency with that reported by Theyer et al. (1978) for a single core taken farther west in the tropical Pacific. We believe this to be due to diachroneity of the earliest occurrence of P. prismatium rather than of the evolutionary transition from S. berminghami to 5. pentas.
Abundances of radiolarians at Site 503 are recorded in Tables 1 and 2 . Figure 2 shows the correlations between Holes 5O3A and 5O3B and with Site 495 (12°29.8'N, 91°02.3'W), the "oceanic reference" drilled on Leg 67. Most of the correlation lines present no problem, but there are a few conflicts which the reliability index scores (see Procedures) in Table 3 help to resolve. This assumes that there are no real biogeographic differences in the order of events at the two sites.
CORRELATIONS
The order of the evolutionary transitions from Spongaster pentas to S. tetras and Didymocyrtis penultima to D. avita (Events 17 and 18) , is reversed at Site 495 compared to Site 503, and the reliability indices indicate that the order at Site 503 is more likely correct. Table 3 .)
The discrepancy between the relative position of the lower limit of Lαmprocyrtis heteroporos (Event 14) at the two sites is resolved, by the reliability indices, in favor of that at Site 503.
The lower limit of Pterocαnium prismatium (Event 21) occurs inconsistently high in the sequence at Site 495, but this is not surprising in view of its low index of reliability due to low abundance and intermittent occurrence (Westberg and Riedel, in press ).
The lower limit of Theocorythium trachelium occurs higher in Hole 5O3B than in Hole 5O3A. The event has the same low index of reliability in both sequences and therefore the lower occurrence is considered more likely correct. [70] [71] [72] [70] [71] [72] [75] [76] [77] [26] [27] [28] [92] [93] [94] [60] [61] [62] [54] [55] [30] [31] [32] [60] [61] [62] [60] [61] [62] [60] [61] [62] [4] [5] [6] [31] [32] [33] [54] [55] [60] [61] [62] [30] [31] [32] [31] [32] [33] [54] [55] [60] [61] [62] [4] [5] [6] [30] [31] [32] [30] [31] [32] [30] [31] [32] [30] [31] [32] [30] [31] [32] 
CHANGE IN DIDYMOCYRTIS
Because they are less likely to be distorted or contaminated, sequences sampled by the hydraulic piston corer will provide more detailed and reliable information on the course of evolutionary changes than do sequences obtained in soft sediments by rotary drilling. We made a preliminary exploration of this potential by examining the change in the size of the polar caps in the genus Didymocyrtis, through Hole 503A. It has long been known (Riedel, 1957 (Riedel, , 1959 Riedel and Sanfilippo, 1970) that the polar caps in this lineage increase in size through the late Cenozoic, but there has been little opportunity to determine whether the rate of increase has been uniform. Westberg and Riedel (1978) attempted to evaluate this in several sequences rotary-drilled in the tropical Pacific, but the results were undoubtedly influenced by distortion of columns sampled in this way (Gealy et al., 1971; Moore, 1972b) . Kellogg (1980) investigated the tendency through the middle and lower Miocene in a piston core in which the sequence was believed to be undistorted, but she measured aspects of the morphology not directly comparable with those investigated by other authors.
We measured the height of the polar caps and length of cortical shell in 20-40 specimens of Didymocyrtis from 27 samples from Hole 503A. The measurements and calculations were facilitated by the microprocessorbased device described by Budai et al. (1980) . Original samples were chosen for being relatively free of reworking and approximately evenly spaced along the column, and intermediate samples were added later at levels bracketing abrupt morphological changes. Results are summarized in Table 4 and plotted in Figure 3 , A and B. Figure 3 A shows that the tendency for the relative size (Fig. 3B) , they are seen to vary sympathetically above the middle of Core 503A-20 and antipathetically below it. The proportion plotted in Figure 3A is seen to be controlled mainly by the height of the caps. It would seem promising to investigate this change at other locations, to determine the geographic extent of the morphological changes expressed here. In that way it may be possible to determine the extent to which the changes are either genetic or phenotypic reactions to environmental differences.
SPECIES LIST
The purpose of this list is to provide bibliographic references to the taxa mentioned in this chapter. The only literature references given are to the original description and to our present concept of the species if it differs from or is more detailed than the original.
Acrobotrys tritubus Riedel
Acrobotrys tritubus Riedel, 1957, p. 80, pi. 1, fig. 5 .
Amphirhopalum ypsilon Haeckel
Amphirhopalum ypsilon Haeckel, 1887, p. 522; Nigrini, 1971, p. 447, pi. 34 
Buccinosphaera invaginata Haeckel
Buccinosphaera invaginata Haeckel, 1887, p. 99, pi. 5, fig. 11; Strelkov and Reshetyak, 1962, p. 129 and 137, fig. 12; Nigrini, 1971, p. 445, pi. 34.1, fig. 2; Knoll and Johnson, 1975, p. 63, pi. 1, figs. 3-6. Remarks: We continue to use the rather unsatisfactory generic classification of collosphaerids proposed by Strelkov and Reshetnyak (1971) rather than the modified one suggested by Bjβfrklund and Goll (1979) , because the latter is almost as unsatisfactory in that it does not admit the possibility of eventual recognition of Ehrenberg's species (which would, for example, make Tetrasolenia Ehrenberg 1860 the objective senior synonym of Solenosphaera, as a result of Chediya's 1959 designation of a junior synonym of Tetrasolenia quadrata as the type species of that genus) (Foreman and Riedel, 1972) .
Calocycletta robusta Moore group
Calocycletta robusta Moore, 1971, p. 743, pi. 10, figs. 5, 6 . Calocycletta caepa Moore, 1972a, p. 150, pi. 2, figs. 4-7 . Calocycletta robusta Moore group-Riedel and Sanfilippo, 1978a, p. 66, ρl. 3, figs. 10, 11 .
Centrobotrys thermophila Petrushevskaya
Centrobotrys thermophila Petrushevskaya, 1965, p. 115, fig. 20 .
Collosphaera tuberosa Haeckel
Collosphaera tuberosa Haeckel, 1887, p. 97; Nigrini, 1971, p. 445, pi. 34 .1, fig. 1 ; Strelkov and Reshetnyak, 1971, pp. 336-337, pi. 4, figs. 24, 25; Knoll and Johnson, 1975, p. 63, pi. 2, figs. 1-3 . Diartus hughesi (Campbell and Clark) Ommatocampe hughesi Campbell and Clark, 1944, p. 23, pi. 3, fig. 12 . Westberg and Riedel, 1978, p. 13) . Points represent the mean of 20-40 measurements; bars represent standard deviation. B. Polar caps height and cortical shell length of Didymocyrtis spp. in samples from Hole 5O3A.
Ommatartus hughesi (Campbell and Clark)-Riedel and Sanfilippo, 1978a, p. 71, pi. 7, fig. 7 . Diartus hughesi (Campbell and Clark)-Sanfilippo and Riedel, 1980, p. 1010, pi. 1, fig. i . Diartus petterssoni (Riedel and Sanfilippo) Cannartus (?) petterssoni Riedel and Sanfilippo, 1970, p. 520, pi. 14, fig. 3; 1978a, p. 67, pi. 4, fig. 2 .
Diartus petterssoni Sanfilippo)-Sanfilippo and Riedel, 1980, p. 1010, pi. 1, fig. h .
Dictyocoryne ontongensis Riedel and Sanfilippo
Dictyocoryne ontongensis Sanfilippo, 1971, p. 1588, pi. IE, figs. 1, 2, pi. 4, figs. 9-11; 1978a, p. 68, pi. 5, fig. 1 . Didymocyrtis antepenultima (Riedel and Sanfilippo) Ommatartus antepenultimus Riedel and Sanfilippo, 1970, p. 521, 
